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The aim of this study was to show how microbial transglutaminase (mTG) can be used as an effective texture-
modifi er for two popular Hungarian products: Trappist cheese and frankfurter. In both cases we investigated how 
components of these products, milkfat in cheese and phosphate in frankfurter, can be substituted by mTG. Therefore, 
Trappist cheese samples were produced from cow milk of 2.8%, 3.5%, and 5% milk fat. The effect of ripening was 
evaluated with Texture Profi le Analysis (TPA) and sensory evaluation (scoring test, 10 trained panellists). Springiness 
and cohesiveness values were signifi cantly higher by enzyme-treated semi-hard cheese samples at lower milk fat 
levels. Sensory evaluation showed that the enzyme-treatment led to higher scores by cheese samples made from cow 
milk of 3.5% and 5% milk fat. Frankfurter was made with 0.1%, 0.3%, 0.5%, and 0.7% tetrasodium pyrophosphate, 
and partly enzyme-treated with 0.2% commercial mTG enzyme preparation. Our results showed that mTG is able to 
signifi cantly improve hardness and crunchiness by frankfurters made with 0.1% phosphate addition. Our sensory 
evaluation suggests that mTG and phosphate should be applied in combination in order to have a fi nal product with 
recognisably more homogeneous texture.
Keywords: milk fat, ripening, Trappist cheese, low-phosphate, frankfurter, microbial transglutaminase, 
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Microbial transglutaminase (mTG, protein-glutamin γ-glutamyltransferase, E.C. 2.3.2.13) is 
widely used, mainly for dairy and meat products (MOTOKI & KUMAZAWA, 2000; KIELISZEK & 
MISIEWICZ, 2014), but recently also in order to develop innovative packaging (PORTA et al., 
2016). Phosphate infl uences the hardness and chewability, therefore the consumer acceptance 
of emulsifi ed sausages, as it increases muscle protein extraction, which leads to stronger gel 
matrix (CANDOGAN & KOLSARICI, 2003). However, water-holding of phosphate is found to be 
limited at 0.4% concentration in emulsifi ed sausages (LÜ & ZHANG, 2000; WANG et al., 2009). 
The most widespread functional phosphates are diphosphates (example: tetrasodium 
pyrophosphate, TSPP), as they act on actomyosin complex of meat protein at once and have 
high pH value (NGUYEN et al., 2011). Moreover, phosphates slow the growth of some Gram-
positive bacteria (FEINER, 2006; BUŇKOVÁ et al., 2008). Recently there is great attention 
focused on the reduction of salt and phosphate by meat products (ALLAIS, 2010), which can 
be achieved by the crosslinking of protein molecules with mTG. Due to the intra- and inter-
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molecular covalent bonds catalysed by mTG, the formed myofi brillar protein polymers can 
restore the texture of pale soft exudative (PSE) pork meat (MILKOWSKI et al., 1999). Our aim 
was to analyse the simultaneous effect of 0.1–0.7% TSPP and 0.2% mTG. Furthermore, we 
studied how phosphate could be replaced by mTG to produce a low-phosphate frankfurter 
with adequate texture. Texture has a key importance not just by the fi nal cheese product but 
also in order to follow the ripening state of semi-hard cheese. It was mainly followed by 
imaging of the development of eye-growth (HUC et al., 2014a; SOODAM et al., 2014). This 
technique has even more promising results if it is coupled with CO2 release measurements 
(HUC et al., 2014b). However, the most widespread technique for that is the Texture Profi le 
Analysis (TPA). To our best knowledge, microbial transglutaminase (mTG, protein-glutamin 
γ-glutamyltransferase, E.C. 2.3.2.13), affecting texture properties such as hardness of semi-
hard cheese, was only analysed at selected ripening states: after 1 week (COZZOLINO et al., 
2003), 4 weeks (DI PIERRO et al., 2010; AALTONEN et al., 2014), and 24 weeks (AALTONEN et 
al., 2014), but was not monitored during the whole ripening period. Therefore, our main 
objective was to follow changes of hardness due to mTG during 4–10 weeks of ripening. 
Aims were extended with investigation on how the fat level infl uences the texture modifying 
properties of mTG. 
1. Materials and methods
1.1. Manufacturing and ripening process of semi-hard cheese
Semi-hard cheese samples were made from 2.8% fat pasteurized cows’ milk, and 30% fat 
whipping cream (Fuchs Tej Ltd., Valkó, Hungary) was used to set the milk fat level to 2.8%, 
3.5%, and 5% fat. The milk was then heated up to 30 °C in a 10 l Armfi eld FT-20A type 
cheese-vat (Bridge House, Great Britain), and 0.025% (w/v) CaCl2 (Sigma Aldrich Ltd., 
Budapest, Hungary) was added. A stirrer (14 r.p.m.) was used for proper mixing during the 
whole process, except during curdling. In case of enzyme treated samples, 0.01% (w/v) mTG 
(Probind CH, nominal activity: 58 U g–1, BDF Natural Ingredients, Girona, Spain) was 
applied. A freeze-dried concentrated lactic starter culture consisting of Lactococcus lactis 
subsp. lactis, Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. lactis biovar. 
diacetylactis, and Streptococcus thermophilus was used as cheese culture (MA 4001, LYO 
5DCU, Danisco, Epernon, France). After 15 min incubation, 0.05% (v/v) chymosin (Présure 
Simple Brun, Danisco, Melle, France) was added. Stirring was stopped 5 min after chymosin 
was added. After cutting, curd was heated until 39 °C to help whey separation. As a last step 
of curdling, whey was separated. The curd was pressed for 24 h with a force of 20 kg per kg 
cheese and then cured in 20% (w/v) NaCl solution for one day. The desiccation lasted 1 day, 
after which cheese was put in Flexo-vacuum PS650 fi ve-layers vacuum package (oxygen 
permeability: 100 cm3 m–2 24 h–1, steam permeability: 6 g m–2 24 h–1) and ripened at 13 °C for 
10 weeks. 
1.2. Manufacturing of frankfurters
Pork meat batter was prepared as follows: half portion (235 g) of minced pork meat (80% 
purity) was ground fi rst with half portion (180 g) of ice cubes, then additives and seasonings 
were added in four 1-minute-long steps (step 1: 0.1–0.7% Na soluprate (TTSP, Solvent Inc., 
Hungary), step 2: 1.8% salt (nitrite curing salt containing 0.4–0.5% NaNO2, Salinen Austria 
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AG., Austria), step 3: remaining half portion of minced pork meat, step 4: 1.25% ground 
dried paprika (Kalocsai Fűszerpaprika Ltd., Hungary), 1.2% ground white pepper (importer: 
R-Coop 3 Inc., made in Indonesia), 160 g of pork backfat (5 mm particle size), step 5: 0.2% 
mTG (Probind TX, nominal activity: 85–120 U g–1, BDF Natural Ingredients, Girona, Spain)). 
The meat batters were partly analysed (for surface colour, extrusion, adhesiveness) partly 
stuffed into 21 mm diameter cellulose casings (Kalle Hungária Ltd., Hungary) and hand-
linked. Frankfurters were pre-dried (60 °C, 15 min), cooked (until 72 °C core temperature), 
and cooled in shower (until 10 °C core temperature) in CS350 EL type smoking machine 
(Korax Ltd., Hungary). After drainage, frankfurters were cooled to 5 °C and stored in 
vacuum-package at the same temperature for further investigations. Commercial frankfurter 
with 47% pork meat content and 0.5% phosphate concentration was also analysed for 
comparison.
1.3. Texture Analysis
1.3.1. Springiness and cohesiveness of Trappist cheese. The samples were measured after 4, 
6, 8, and 10 weeks of ripening. Each cheese was cut into halves and cylinders of 12 mm 
height were taken from the centre towards the rind with a core sampler 12 mm in diameter. 
The prepared cheese core samples were tempered at 12 °C before TPA analysis. TPA analysis 
was performed with TA.XTPlus (Stable Micro Systems, Godalming, UK) Texture Analyser 
used with a 500 N load cell. The samples were axially compressed two times to 70% of their 
original height with 35 mm cylinder probe at a crosshead speed of 2 mm s–1. Force–time 
deformation curves were evaluated with Texture Exponent 32 as the given software of 
TA.XTPlus, and the hardness parameter was selected for analysis. Measurements were done 
in 10 parallels.
1.3.2. Extrusion and adhesiveness by pork meat batter. Extrusion and adhesiveness was 
measured with the conical measuring head of TA.XTPlus (Stable Micro Systems, Great 
Britain). The cross-head pushed the 90° cone probe of spreadability rig with 2 mm sec–1 
speed into the sampling holder. The meat batter samples were tempered to 12 °C and the 
measuring time was 90 sec. Three replicates of each sample were evaluated using the offi cial 
software of the instrument called Texture Exponent 32.
1.3.3. Hardness and crunchiness by frankfurters. Hardness was also measured with 
TA.XTPlus (Stable Micro Systems, Great Britain). Ten frankfurter cores (diam.= 12 mm, 
height= 12 mm) were axially compressed two times to 70% of their original height. with 35 
mm cylinder probe. Force–time deformation curves were derived from a 500 N load cell 
applied at a crosshead speed of 2 mm s-1. The samples were tempered to 12 °C and the 
measuring time was 2 min. Crunchiness was measured with 2 mm cylinder probe with the 
above mentioned crosshead speed till 25 mm penetration. Frankfurters were cooked 1 min in 
boiling water just before measurement. Samples were fi xed to the base with sample holder 
and 5 cm surface was analysed through casing. The averages are results of at least 3 replicates.
1.4. Sensory analysis
(i) Trappist cheese: Sensory evaluation with 20 points Scoring Test was applied to evaluate 
the samples according to their appearance (3), inner colour (3), odour (3), taste (5), texture 
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(3), and cheese eyes (3) using a comprehensive vocabulary of these descriptors (HUNGARIAN 
STANDARD, 1988). Sensory sessions were organised for at least 10 trained panellists. 
(ii) Frankfurter: After storage overnight, the samples were evaluated with a trained panel 
(10 members) with difference test focusing on texture. Texture attributes as homogeneity of 
cut surface, springiness, and porosity were ranked on a –5–0–5 score scale compared to 
reference sample, which was anchored at the exact middle of the scale (0 point).
1.5. Statistical analysis
Shapiro–Wilk test was applied to evaluate the normality of our research data.
2. Results and discussion
2.1. Texture Analysis
(i) Trappist cheese: The effect of enzyme treatment and fat content of cheese milk was also 
analysed during ripening with the help of TPA method (70% compression) focusing on the 
springiness (Fig. 1) and cohesiveness of cheese. According to our research results, mTG 
signifi cantly affected the springiness at lower fat levels (2.8% and 3.5%) independently of 
ripening time. The cohesiveness represents the inner binding force of the studied material. 
During ripening, cheese tends to soften and crumble. The enhanced cohesiveness of samples 
suggests that the cross-binding effect of mTG leads to structure stabilization at 2.8% and 
3.5% fat levels (data not shown).
Fig. 1. Effect of fat content of cheese milk on the springiness development caused by mTG
: 4 weeks; : 6 weeks; : 8 weeks; : 10 weeks
(ii) Meat batter: The extrusion force shows how easy the stuffi ng of the meat batter is. 
The texture of meat batters made with industrially applied phosphate addition (0.3%) could 
not be enhanced by mTG (Table 1).
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Table 1. Technofunctional properties of pork meat batters depending on phosphate level
Phosphate level 
(%)
Extrusion enhanced by mTG
(%)
Adhesiveness enhanced by mTG 
(%)
0.1 –2 2
0.3 1 1
0.5 79 88
0.7 20 25
(iii) Frankfurter: The mTG enzyme led to more hardness (11–16%) independently of 
actual phosphate concentration of the samples (Table 2). We suggest the enzyme-treatment 
by 0.1–0.3% phosphate addition as mTG had in that interval the most signifi cant effect on 
springiness and crunchiness of frankfurters. The enzyme treated 0.1% phosphate frankfurter 
had –3% hardness, 15% more springiness, and 8% more crunchiness compared to commercial 
frankfurter with 0.5% phosphate level (data not shown).
Table 2. Technofunctional properties of frankfurters depending on phosphate level
Phosphate level 
(%)
Hardness 
enhanced by mTG
(%)
Springiness 
enhanced by mTG
(%)
Crunchiness
enhanced by mTG
(%)
0.1 13 4 19
0.3 11 2 69
0.5 16 7 42
0.7 16 11 16
Commercial (0.5) 23 11 37
2.2. Sensory analysis
(i) Trappist cheese: Our evaluation showed that 2.8% fat is not suffi cient for mTG to enhance 
textural properties, which probably infl uenced the panellists in the overall judging (Fig. 2). 
We assume that 3.5% fat content is needed for mTG to enhance odour, taste, and cheese-eyes 
development. However, the enzyme-treatment could even improve the inner colour and taste 
of the semi-hard cheese samples when manufactured from 5% cows’ milk.
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Fig. 2. Changes of sensorial attributes depending on fat content of cheese milk
: 2.8% cheese milk; : 3.5% cheese milk; : 5% cheese milk;
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(ii) Frankfurter: The effect of enzyme treatment compared to the control at the different 
phosphate levels is shown in Figure 3. Porosity refers to the recognised air bubbles in the 
cooked meat batter. This could be eliminated with the help of mTG if at least 0.3% phosphate 
was added. Springiness was observed by touching the frankfurter cores between two fi ngers. 
The mTG could enhance springiness independently of phosphate levels. Among texture 
properties homogeneity was also enhanced by mTG, however the differences were noted 
rather at lower (0.1–0.3%) phosphate levels.
Homogeneous cross-section
Springiness
Less porosity
–5  –4  –3   –2   –1     0      1      2       3       4       5 
Fig. 3. Difference in sensorial parameters of frankfurters due to enzyme treatment
: 0.1% posphate; : 0.3% posphate; : 0.5% posphate; : 0.5% posphate
2.3. Statistical analysis
According to Shapiro–Wilk test, both cheese (Wmin=0.877, pmin=0.256) and frankfurter 
(Wmin=0.849, pmin=0.120) measurement resulted in normal distribution. 
3. Conclusions
The results proved that mTG is able to modify the texture of Trappist cheese and frankfurter 
in a way that is also acceptable for the consumers. In case of Trappist cheese, this study 
proved that the cross-binding effect of mTG leads to higher cheese yield independently of 
milk fat level, which is due to whey incorporation. The enzyme-treated cheese samples have 
lower fat levels, but have higher springiness and cohesiveness throughout the 4–10 weeks 
ripening time. Sensory analysis revealed that the enzyme-treatment improved nearly all 
sensory attributes if semi-hard cheese was produced from 3.5% or 5% cows’ milk. If we 
consider frankfurter, it is important to highlight that 0.2% mTG may increase the water 
holding capacity with 20% by low-phosphate (0.1–0.3%) frankfurters and it also contributes 
to more homogeneous cut surface. According to our comparison with commercial product, 
low-phosphate (0.1%) enzyme-treated frankfurters have adequate hardness and improved 
springiness and crunchiness, which is a promising sign for product development in the future.
*
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